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Section 1: Materials and Methods
Preparation of nanoporous Ni substrates
Ni 30 Mn 70 ingots were prepared by melting pure Ni and Mn (purity >99.9 at.%) using an Ar-protected arc melting furnace. After annealing at 900
• C for 24 hours for microstructure and composition homogenization, the ingots were cold-rolled to thin sheets with a thickness of ∼20 µm at room temperature. Nanoporous Ni was prepared by chemical dealloying in a 1.0 M (NH 4 )2SO 4 aqueous solution at 50
• C. After dealloying, the samples were rinsed thoroughly with water and ethanol and dried in vacuum.
Preparation of nanoporous graphene by CVD
Nanoporous Ni substrates (typical thickness: ∼20 µm) loaded in a quartz tube (φ26 × φ22 × 250 mm) were inserted into the center of a quartz tube (φ30 × φ27 × 1000 mm) furnace and annealed at 800
• C or 900
• C under 2500 sccm Ar and 100 sccm H 2 , respectively. After the reduction pre-treatment, benzene (0.5 mbar, 99.8%, anhydrous) was introduced with the gas flow of Ar (2500 sccm) and H 2 (100 sccm) for graphene growth. Typical CVD time is 2 min cleaning and 2 min deposition time at 800
• C for 200 nm pore size, 6 min cleaning and 2 min deposition time at 900
• C for 600-700 nm pore size and 18 min cleaning and 2 min deposition time at 900
• C for 1 µm pores. The furnace was quickly opened to quench the inner quartz tube with a fan to room temperature. The nanoporous Ni substrates were dissolved by 1.0 M HCl solution and then transferred into 2.0 M HCl solution to dissolve the residual Ni and Mn. The samples were repeatedly washed in distilled water for 5 times and floated on 2-propanol for 1 week. After 1 week, the nanoporous graphene was dried with a conventional supercritical CO 2 drying method.
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Section 2: Microstructure characterizations
Transmission Electron Microscopy
The microstructure of the nanoporous graphene was characterized by a transmission electron microscope (JEOL JEM-2100F) equipped with two aberration correctors (CEOS GmbH) for the image-and probe-forming lens systems. High-resolution TEM observations were conducted at an accelerating voltage of 120.0 and 200.0 kV and both Cs correctors were optimized for image observations and the point-to-point resolutions of TEM were 1.3 Å, respectively.
Before the atomic resolution images were recorded, the lens aberrations were measured by evaluating the Zemlin tableau of an amorphous area. According to these measurements, the residual lens aberrations are as follows: spherical aberration CS = 300 nm ± 1.2 nm (95% certificate), twofold astigmatism A1 < 2 nm, threefold astigmatism A2 < 10 nm and axis coma B2 < 15 nm. The samples were transferred on a Cu grid without carbon support film. 
Analysis of moiré pattern from TEM data

HIM parameters
Helium Ion Microscopy images were collected with theZeiss Orion Nanofab Helium Ion Microscope (Peabody, USA) located in the CARF Laboratories of the Queensland University of Technology (Brisbane, Australia), with a beam acceleration of 25 kV and a working distance of 14 mm.The secondary electron signal was collected with an Everhart-Thornley detector with 500V collector bias.
Section 3: Elemental composition
The X-ray photoelectron spectroscopy (XPS) measurements reported in Fig. S2 were carried out at the ANTARES beamline (SOLEIL Synchrotron, Saint Aubin, France). The photon energy was set to hν = 700eV, and the Binding Energy (BE) of the spectra was calibrated with respect to the Fermi level collected on the Ta sample holder in electrical contact with the sample, and in the same experimental conditions. All measurements were performed in Ultra High Vacuum (UHV), with base pressure in the low 10 −10 mbar. The sample has been annealed at 500
• C for a few hours before XPS analysis, to remove contaminants introduced by air exposure. Photoelectrons were collected with a Scienta R4000 hemisperical analyzer S4 in point-mode, without using the Fresnel zone plates, thus without sub-micrometric X-ray beam focalization (see main text, Experimental section). 
Section 4: Raman data analysis
Micro-Raman spectra were acquired in the same facility by using a WITec alpha300R microscope (WITec GmbH, Ulm, Germany) equipped with a diode pumped Nd-YAG laser, operating at 532 nm, focussed through a 50× Zeiss objective (0.7NA) to obtain a spot size S5 of about 250 nm. The Raman maps were collected in pixels of 300x300 nm 2 , and the laser power was kept at 1.0 mW to avoid beam damage.
Raman fitting
Raman data have been fitted with lorentzian curves over a smooth background, as shown in Fig. S3 , whose fitting values are reported in Table S1 . The small D' component, lower than the D band, is associated to the very low defect density. In particular, note the symmetric lineshape of the 2D band, whose width can be associated to the presence of misoriented non-AB Bernal stacked bilayers. 
Effects of the pore size on Raman
In Fig. S4(a,b) we report the Helium Ion Microscopy images collected on an NPG sample with different pore size than the one reported in the main text (250 nm nominal diameter).
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Figure S4: (a,b): HIM images of an NPG sample with a smaller pore size with respect to the sample presented in the main paper, at two different magnifications, exhibiting a finer porous structure. (c) MicroRaman spectrum of the NPG sample described in the main text (green line) compared to that taken on the NPG sample corresponding to the HIM images of top panels a an b (blue line). The images were captured with a Zeiss Orion Nanofab Helium Ion Microscope (Peabody, Fig. S5 (a,c) .
The C 1s lineshapes are fitted with sp 2 -like (284.5 eV), sp 3 -like (285.2 eV) main components and a further small peak at 283.8 eV that we can attribute to a small presence of unsaturated C bonds. 10 The relative intensity of the sp 3 -like with respect to the sp 2 -like one in the bottom spectrum is slightly higher (0.35) than in the corresponding spectra for the sample with larger pores.
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Despite the analogous Raman spectra in NPG samples with different pore sizes, the presence of a small peak due to C unsaturated bonds and the relative intensity increase of the sp 3 -like component reflect a higher density of sites with distorted C bonds, associated to the more bent tubular regions and higher degree of curvature of the small-pore NPG sample.
Experimental details on nano-photoemission
The spectro-microscopy photoemission experiments were carried out at the ANTARES beamline (SOLEIL synchrotron radiation facility). The nano-XPS microscope is equipped with two Fresnel zone plates for beam focusing, while higher diffraction orders were eliminated thanks to an order selection aperture. The sample was placed on a precision positioning stage located at the common focus point of the hemispherical Scienta R4000 analyzer (whose energy resolution is 0.005 eV) and the Fresnel zone plates, and this experimental setup was used both for the collection of point-mode spectra and imaging-mode spectra. In this mode the photoemitted electron intensity from the desired energy range is collected over the sample to form a two-dimensional image resolved at the sub-µm range (pixel size of 300×300nm 2 ).
Core-level and valence band spectra were taken with 350 eV and 100 eV photon energy, respectively. The analyzer pass energy was set to 100 eV for the spatially resolved mode.
After insertion in UHV the NPG sample was degassed at 500
• C for 2h to minimize contamination from the environment. The base pressure of the Ultra High Vacuum (UHV) chamber was kept in the range 10 −10 mbar, while the sample was cooled via liquid nitrogen ( 89 K) to avoid damaging the sample via radiation pressure.
